Abstract: Patients may be referred for endosonography after endoscopic resection of polyps because of cancer identified in the histologic specimen. To assess the effects of electrocautery-induced tissue changes on tumor staging by endosonography, endosonography findings after endoscopic removal of large polyps were correlated with surgical and endoscopic pathology. Endosonography findings revealed irregular and thickened wall layers, especially in the muscularis propria with pseudopod extensions. Five of 7 patients had evidence of cancer in the endoscopic specimen. However, no residual tumor was found in the surgically resected bowel (2 patients) or in subsequent biopsies of the endoscopic resection site (3 patients). In 2 other patients, no cancer was present in the endoscopic specimen, and follow-up biopsies of the endoscopic resection site were all benign. Electrocautery-induced inflammatory changes create hypoechoic changes within the gut wall that may mimic tumor invasion. Irregularities in the muscularis propria layer cannot be relied upon to diagnose a T2 or T3 lesion by endosonography in this setting. Patients with large polyps greater than 2 cm and other mucosal lesions with malignant potential should undergo endosonography prior to endoscopic resection.
ndosonography (EUS) is a well established imaging modality for staging rectal cancer. Published data indicate that both T staging and N staging are reasonably accurate when compared with surgical staging. [1] [2] [3] Although EUS cannot be used to differentiate between a villous adenoma and a T1 carcinoma, it detects infiltration of the muscularis propria by an adenoma containing a T2 carcinoma with a negative mucosal biopsy. 2 EUS is also useful for excluding invasive carcinoma in large colorectal polyps prior to considering or performing endoscopic removal. However, patients are sometimes referred for EUS after a partial or complete polypectomy or endoscopic mucosal resection (EMR) because the endoscopically resected specimen reveals evidence of invasive cancer.
After colorectal surgery for carcinoma, perianastomotic fibrosis and granulomatous tissue may present as concentric or eccentric hypoechoic wall thickening, or loss of layer structure on EUS, which could also be confused with recurrent tumor. 3 Although it is informally known among endosonographers that electrocautery can induce changes in the underlying wall layers, there is no published literature describing the effects of endoscopic mucosal resection on histopathology and endoscopic ultrasound imaging.
PATIENTS AND METHODS
To assess how electrocautery-induced tissue changes may affect the accuracy of T staging by EUS, the findings of EUS staging performed after endoscopic polypectomy were compared with the corresponding surgical and endoscopic pathology in 7 patients.
Case 1
A 56-year-old male was found to have a 30-mm sessile polyp at screening colonoscopy, located in the rectum at 7 cm from the anal verge. Mucosal biopsies were consistent with a tubular adenoma with low-grade dysplasia. Rectal EUS revealed no evidence of invasion beyond the superficial mucosal layers. Following submucosal injection of a saline cushion, the entire polyp was removed by using a large snare (Fig. 1A) . Histology revealed no evidence of cancer. Sigmoidoscopy 3 months later revealed a linear mucosal scar with no residual adenomatous tissue at the polypectomy site (Fig. 1B) . Rectal EUS at 9 months showed hypoechoic thickening of the fourth muscularis propria layer with pseudopod extensions at the site (Fig. 1C) . Mucosal biopsies were again negative.
Case 2
A 74-year-old male with a past history of external beam radiation therapy for prostate cancer presented with intermittent, painless rectal bleeding. No radiation proctitis was found at colonoscopy, but there was a 3-cm sessile polyp in the rectum. The mass was removed in a "piece-meal" fashion by snare polypectomy. The histology revealed adenocarcinoma with apparent extension to the margins of mucosal resection. The patient was referred to the University of Colorado Hospital for consideration of a low anterior resection.
On digital examination, a firm nodule was palpable at 5 cm above the dentate line. Computed tomography of the abdomen and pelvis revealed thickening of the rectal wall corresponding to the site of polypectomy. No metastatic disease or lymphadenopathy was noted. Two weeks after excision, preoperative staging by endosonography was requested. An ulcerated rectal lesion was noted approximately 6 cm from the anus. Endoscopic ultrasound was performed using an Olympus UM-130 (Olympus America, Melville, New York) at 7.5-and 12-Mhz frequencies. No perirectal adenopathy was noted. A poorly defined, hypoechoic lesion was found at the posterior wall of the rectum. The lesion extended from the mucosa to beyond the muscularis propria, as evidenced by small pseudopod extensions into the perirectal fat (Fig. 2) .
The following day, the patient was taken to surgery. A low anterior resection was performed without difficulty. Gross histology described a flat, brown mass measuring 24 × 15 mm in size. On microscopic examination of the resected specimen, there was an ulcerated area with chronic inflammatory cells extending through all the wall layers, but no malignant cells were present.
Case 3
A 68-year-old male presented with rectal bleeding of several weeks duration. At colonoscopy, a 2-cm sessile polyp was found, and this was completely removed by snare polypectomy. Pathologic examination revealed adenoma with a small focus of adenocarcinoma, which extended to within 5 mm of the apparent margin of resection. Endoscopic ultrasound was requested to exclude residual tumor and perirectal lymph node metastasis.
A 1-cm ulcerated area was found approximately 7 cm from the anal verge. Endosonography of the rectal wall showed evidence of hypoechoic wall thickening, primarily involving the muscularis propria. The outer margin of the lesion had pseudopods suggestive of tumor extension into the perirectal fat. No perirectal lymphadenopathy was detected.
Mucosal biopsies from the polypectomy site were obtained upon completion of the EUS examination. The tissue was found to be benign glandular tissue without evidence of carcinoma. The patient was given the option of watchful waiting or undergoing a transanal resection of the ulcerated rectal lesion. Although a 5-mm margin of resection was thought to be associated with a very low rate of residual tumor, the patient and referring physician opted for a transanal resection. Pathology from the transanal resection revealed a 2.3 × 1.5 cm specimen with distorted colonic mucosa, but no evidence of malignancy in the submucosa or muscularis propria.
Case 4
A 51-year-old female was found to have a large sessile polyp on a screening colonoscopy. This was located at the rectosigmoid junction, extending 16 to 20 cm from the anal verge. Biopsies revealed a villous adenoma, and the patient was referred for endosonography and endoscopic removal. With 12-and 7.5-Mhz frequencies, a 40 mm hypoechoic mass was noted within layers 1 and 2 (mucosa/muscularis mucosa). No lymph nodes were seen. Following endosonographic examination, the mass was removed by piecemeal polypectomy after submucosal injection of a "saline cushion." No carcinoma was found in the histologic specimen. Six months later, colonoscopy revealed a 2-cm linear scar at the excision site. The area was reevaluated by endoscopic ultrasound at 7.5 and 12 Mhz. There was thickening of the hypoechoic muscularis propria; the submucosal layer could not be identified, but the mucosal layer was intact.
Case 5
A 36-year-old female presented with a 4-month history of intermittent rectal bleeding. Colonoscopy revealed a 20-mm sessile polyp in the distal rectum. The polyp was totally excised by snare polypectomy, and the specimen revealed invasive adenocarcinoma. Abdominopelvic computed tomography was normal. A total proctectomy was recommended, but the patient wanted to consider other options. Six weeks later, she was referred to University of Colorado Hospital for rectal EUS, which showed a thickened (5-mm) hypoechoic muscularis propria at the resection site (Fig. 3) . Follow-up mucosal biopsies of the site were benign.
Case 6
A 53-year-old male was found to have a 9-mm nodule in the rectum during screening colonoscopy, and the lesion was excised using a snare. Histology revealed a carcinoid tumor. Rectal EUS 6 weeks later revealed a depressed scar at the excision site and endosonographic evidence of hypoechoic wall thickening involving the deep mucosa and muscularis propria (Fig. 4) . The submucosal layer was not clearly identified. Follow-up mucosal biopsies of the EMR site were benign.
Case 7
A 54-year-old female was found to have a 40-mm sessile polyp located 5 cm proximal to the anus. Mucosal biopsies showed a villous polyp with severe atypia. The polyp was subsequently excised via a transanal approach. Pathology revealed a focal area of moderately differentiated adenocarcinoma arising in the setting of a villoglandular adenoma, with evidence of invasion through the submucosa. The excision margins were felt to be clear. EUS at 2 months and 8 months after transanal excision showed focal wall thickening (6 mm) mainly involving the hypoechoic muscularis propria (3 mm), with no interval change. Mucosal biopsies obtained during both procedures showed no evidence of residual cancer. There is still no clinical evidence of tumor recurrence after 20 months.
DISCUSSION
T staging by EUS, performed up to 9 months after endoscopic removal, showed cautery-induced inflammatory changes that could be confused with either a T2 or a T3 lesion. One of these patients had a transanal resection. Five of these 7 patients had histologic evidence of cancer extending to (or close to) the margins of endoscopic resection. However, no residual tumor was found in the surgically resected bowel (2 patients) or in subsequent rebiopsies of the endoscopic resection site (3 patients) up to 9 months later. In the remaining 2 of 7 patients, the endoscopically resected specimen did not reveal carcinoma. Multiple mucosal biopsies obtained from the base of the endoscopic site were all benign.
Invariably, the lesions noted on EUS had a hypoechoic appearance. In some instances, this was accompanied by hypoechoic pseudopod extensions into the perirectal fat or subserosa. This appearance mimics a T3 lesion of the rectum. Interestingly, we did not encounter any endosonographic evidence of abnormal or thickened hyperechoic layers, as one might expect from cautery-induced submucosal fibrosis. In some patients, the hypoechoic abnormalities involved all the wall layers of the rectum. These inflammatory changes were also seen throughout the wall of the rectum on histology and computed tomography. In others, the endosonographic abnormalities were primarily confined to the deep muscle layer (muscularis propria), perhaps because of mucosal healing and re-epithelialization.
Endoscopic mucosal resection, or mucosectomy, has been advocated by some for the treatment of early-stage rectal cancer. To increase the safety of EMR, various investigators perform submucosal injection of physiologic saline, epinephrine 1:10,000, or 50% dextrose to minimize the risk of perforation and inadvertent resection of the deep muscle layer. 4 Preliminary reports suggest that EUS-assisted EMR is a safe technique for obtaining deep tissue diagnosis or removing selected submucosal tumors in the gut wall. 5, 6 Injection of sodium hyaluronate and the use of an electrosurgical knife have also been reported. 7, 8 All these techniques rely upon accurate endoscopic ultrasound staging prior to endoscopic resection.
Endoscopic ultrasound can be used for localizing tumors within the gastrointestinal wall, differentiating submucosal tumors from vascular structures and extrinsic organs, and assessing their size and depth of invasion. 4 Information thus obtained can help to more accurately select patients who would benefit from mucosectomy. Tumors with evidence of invasion into the muscularis propria (T2 or greater) should be managed by surgical resection. Similarly, if perirectal lymph nodes are detected and EUS-guided fine needle aspiration cytology confirms malignant spread, endoscopic techniques are inappropriate. On the other hand, patients with large, sessile polyps or early rectal cancers without lymph node involvement are potential candidates for the endoscopic approach. This option is particularly attractive in the elderly and in patients who are poor surgical risks, as well as for lesions that are located in the distal rectum where an abdominoperineal resection may be required. All the patients presented in this case series would have benefited from a baseline endoscopic ultrasound examination prior to considering an endoscopic resection.
The fact that cautery-induced hypoechoic changes in the gut wall may mimic T2 and T3 lesions poses a potential dilemma in the use of endoscopic ultrasound for restaging a tumor after endoscopic resection. As illustrated by this case study, endosonographic features of malignancy are unreliable in this setting. For patients with a suspicious distal rectal lesion, opting for surgery might entail an abdominoperineal resection and colostomy. One could attempt to obtain EUSguided fine needle aspiration cytology of the thickened hypoechoic layer(s). But it is technically difficult to obtain adequate samples in the absence of a mass, and a negative cytology is not necessarily definitive.
Regardless of whether EUS is being performed to exclude a residual tumor or as follow-up after a successful endoscopic resection, one should be cognizant of this potential pitfall in endosonographic interpretation and diagnosis. Cautery effects are known to experienced endosonographers but are not well described in the literature. Since these hypoechoic changes were observed up to 9 months after endoscopic removal, these effects may not be reversible over time. In Cases 1 and 4, submucosal injection of a saline cushion did not protect against cautery-induced changes. It is not known if submucosal injection of other agents, such as sodium hyaluronate, before endoscopic resection can help to minimize these cautery-induced tissue effects.
We conclude that cautery-induced effects may cause significant inflammatory changes in the gut wall that can be observed by EUS. These inflammatory changes may be confused with, or perhaps even mask the presence of, a T2 or T3 lesion. Endoscopists should be cognizant of these inflammatory changes when interpreting EUS images in patients who have had polypectomy or EMR. Patients with a large sessile polyp, early rectal cancer, or submucosal lesion should be referred for endosonography prior to attempting mucosectomy to avoid this diagnostic dilemma.
